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(57) ABSTRACT 

In one aspect, the invention provides a transgenic non-human 
animal model having germ cells and somatic cells containing 
an endogenous MMTV-SV40-Spy1A gene sequence intro 
duced into said animal model or an ancestor of said animal 
model at an embryonic stage, wherein said gene sequence 
comprises a mouse mammary tumor virus gene (MMTV), a 
functionally disrupted SV40 gene (SV40) and a human 
Spy1A gene. In another aspect, the present invention provides 
a transgenic non-human animal model whose germ cells and 
Somatic cells contain an endogenous Spy1A-pTRE-Tight 
gene sequence introduced into said animal model oran ances 
tor of said animal model at an embryonic stage. Preferably, 
the Spy1A-pTRE-Tight animal model expresses the Spy1A 
gene and develop cancer, preferably breast cancer, when 
administered with tetracycline, preferably doxycycline. 

19 Claims, 15 Drawing Sheets 
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MMTV-SV40-SPY1A AND SPY1A-PTRE 
TRANSGENIC MOUSE MODELS 

RELATED APPLICATIONS 

This application is a continuation-in-part application of of 
earlier U.S. application Ser. No. 13/987,769 filed 30 Aug. 
2013, and which claims the benefit of 35 U.S.C. 119(e) to 
U.S. Provisional Patent Application Ser. No. 61/695,719 filed 
on Aug. 31, 2012 and U.S. Provisional Patent Application Ser. 
No. 61/743,501 filed on Sep. 6, 2012. 

SCOPE OF THE INVENTION 

In one aspect, the present invention provides a transgenic 
non-human animal model which is selected to overexpress 
Spy1A under the control of a MMTV promoter causing the 
animal model to develop cancer, and preferably breast cancer. 
In another aspect, the present invention provides a transgenic 
non-human animal model selected to express Spy1A in one or 
more tissues thereof when an antibiotic is fed to the animal, 
and leading to the development of cancer, most preferably 
breast cancer. In another aspect, the present invention pro 
vides a transgenic non-human animal model, preferably a 
mammal and most preferably a mouse model, which includes 
a MMTV-SV40-Spy1A gene sequence (hereinafter referred 
interchangeably as “MMTV-SV40-Spy1A”, “MMTV-SV40 
Spy 1”, “MMTV-Spy1A and “MMTV-Spy1). The animal 
model of the invention may permit uses in the identification of 
agents for inhibiting or treating cancer, or namely breast 
CaCC. 

BACKGROUND OF THE INVENTION 

Amid all cancers known to afflict the Canadian population, 
breast cancer (BC) is documented as the second leading cause 
of cancer deaths among females. Current knowledge of the 
molecular signatures and biochemical pathways that govern 
BC initiation and progression is far from comprehensive and 
requires further expansion in order to identify putative biom 
arkers that undoubtedly predict the correct therapeutic course 
of action to take with each patient. Due to the heterogeneous 
nature of cell types which cooperate to form a functional 
post-natal mammary gland, the various clinical forms of BC 
that may arise are currently distinguished based on prognostic 
criteria Such as histological phenotype, Steroid and growth 
factor receptor status, and tumor ability to metastasize to 
neighbouring lymph nodes. In order to fully understand the 
various molecular mechanisms underpinning the evolution of 
mammary tumorigenesis, post-pubertal mammary gland 
development is often looked upon to highlight critical signal 
ing pathways that possess the inherent capacity to mutate 
and/or become deregulated in BC. Once maturity is estab 
lished, the adult Virgin mammary organ retains the ability to 
cycle through four development stages: Virgin, pregnancy, 
lactation, followed by involution and reversion to a virgin 
like state. During early pregnancy-induced lobuloalveolar 
development, elevated expression of prolactin, placentallac 
togens, and progesterone results in escalated rates of luminal 
epithelial proliferation, and promotes functional differentia 
tion of alveolar precursor cells into specialized structures 
proficient in milk release. Parturition-induced lactogenesis 
functions to nourish neonates through alveolar milk produc 
tion and secretion of colostrums into enlarged luminal ducts. 
Neonate weaning initiates extensive luminal alveolar cell 
death (apoptosis) and epithelial remodelling during involu 
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2 
tion, a process lasting for several days to allow for reinstate 
ment of the mammary gland to a virgin-like appearance. 

SUMMARY OF THE INVENTION 

It has been appreciated that at a cellular level Speedy 
(Spy1A) plays a role in the DNA damage response, function 
ing to enhance cell Survival and promote cell proliferation in 
lieu of apoptosis. Spy1A is capable of promoting precocious 
development and tumorigenesis. Hence, determining how 
Spy1A protein levels are regulated may reveal novel infor 
mation regarding the dynamics of cell cycle control during 
normal and abnormal growth conditions. Furthermore, non 
degradable forms of Spy1A do not trigger intrinsic cell cycle 
checkpoints but, rather, promote cell proliferation and onco 
genic cell transformation demonstration that this mechanism 
may contribute to tumorigenesis. 

Further, it has been appreciated that Spy1A is a novel cell 
cycle gene whose product binds to cyclin-dependent kinase-2 
(CDK2) and activates its kinase activity to promote cell cycle 
progression through a cyclin independent mechanism and to 
promote cell movement into DNA synthesis. Spy1A is 
expressed naturally at high levels in the proliferating mam 
mary gland, and aberrant overexpression of Spy1A results in 
precocious mammary development and eventually tumori 
genesis in vivo. 
Spy1A elevation in c-Myc overexpressing tumors can be 

maintained during primary tumor culture, the MMTV-Myc 
mouse model, well documented for its ability to form aggres 
sive mammary adenocarcinomas, may be utilized to derive a 
previously uncharacterized tumor cell line engineered to 
overexpress c-Myc (henceforth referred to as F5A1-2). 

Induction of the mammary oncogene c-Myc upregulates 
Spy1A and it is further demonstrated that Spy1A protein 
levels are elevated in mammary tissue and breast tumors 
derived from MMTV-Myc transgenic mice. Spy1A knock 
down in F5A1-2 cell lines led to downregulation of cyclin 
dependent kinas inhibitors (CKI) p21 and p27, a 23% reduc 
tion in proliferation rate, and a shift in cellular phenotype to a 
spindle-like/fibroblastic morphology. Together, findings Sup 
port that Spy1A plays a functional role in mammary-related 
c-Myc signal transduction, and acts downstream of ERC. 
c-Myc, and the MAPK cascade to regulate proliferation, 
mammary development, and carcinogenesis. 
One possible non-limiting object of the present invention is 

to provide a powerful tool for the study of cancer, namely 
breast cancer. Specifically, in one aspect the invention pro 
vides a transgenic non-human animal model whose Somatic 
cells contain at least one copy of a MMTV-Spy1 transgene 
causing Spy1A overexpression under the control of the 
MMTV promoter, and causing this animal model to develop 
cancer, or more particularly breast cancer. The animal is 
preferably hemizygous for the transgene. 

In another aspect, the present invention provides a trans 
genic non-human animal model whose Somatic cells contain 
a MMTV-Spy1A transgene which causes the animal model to 
develop cancer, or preferably breast or liver cancer. 

In yet another aspect, the present invention provides a 
transgenic non-human animal model comprising germ cells 
and somatic cells containing an exogenous MMTV-SV40 
Spy1A gene sequence introduced into said animal model or 
an ancestor of said animal model at an embryonic stage, 
wherein said gene sequence comprises a mouse mammary 
tumor virus gene (MMTV), a functionally disrupted SV40 
gene (SV40) and a human Spy1A gene. It has been appreci 
ated that a portion of an SV40 gene when incorporated into a 
transgenic construct, or preferably the MMTV-SV40-Spy1A 
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gene sequence increases expression or induce overexpression 
of a gene under the control of a MMTV promoter. 

In a preferred embodiment, the transgenic non-human ani 
mal comprises germ cells and Somatic cells containing an 
exogenous MMTV-SV40-Spy1A gene sequence introduced 
into said animal oran ancestor of said animal, at an embryonic 
stage, wherein said gene sequences comprises a mouse mam 
mary tumor virus promoter, a functionally disrupted SV40 
gene and a human Spy1A gene. 

Preferably, the animal model is hemizygous of the MMTV 
SV40-Spy1A gene sequence. The human Spy1A gene pref 
erably includes a modified Spy1A gene of SEQID NO 1 or a 
conservatively modified variant thereof. Most preferably, the 
MMTV-SV40-Spy1A gene sequence is introduced to the ani 
mal model or the ancestor by microinjecting a fragment 
sequence obtained from restriction enzyme digestion of SEQ 
ID NO: 5 or a conservatively modified variant thereof with 
XhoI and Spel. 

In yet another aspect, the present invention provides a 
transgenic non-human animal model which is selected to 
express Spy1A in one or more tissues thereof when an anti 
biotic is fed to the animal model, said expression of Spy1A 
preferably leading to the development of cancer within said 
animal model, preferably breast or liver cancer. 

In yet another aspect, the present invention provides a 
transgenic non-human animal model whose germ cells and 
Somatic cells contain an exogenous Spy1A-pTRE-Tight gene 
sequence (hereinafter interchangeably referred to as "Flag 
Spy1A-pTRE”, “Flag-Spy1A-pTRE-Tight”, “Flag-Spy1 
pTRE, “Flag-Spy1-pTRE-Tight'. “Spy1A-pTRE, 
“Spy1A-pTRE-Tight”, “Spy1-pTRE’ and “Spy1-pTRE 
Tight') introduced into the animal model oran ancestor of the 
animal model at an embryonic stage, wherein said gene 
sequence comprises a human Spy1A gene. 

Preferably, the animal model is hemizygous of the Spy1A 
pTRE-Tight gene sequence. The human Spy1A gene is pref 
erably a modified Spy1A gene of SEQID NO: 1 or a conser 
vatively modified variant thereof. Most preferably, the 
Spy1A-pTRE-Tight gene sequence is introduced to the ani 
mal model or the ancestor by microinjecting a fragment 
sequence obtained from restriction enzyme digestion of SEQ 
ID NO 18 or a conservatively modified variant thereof with 
XhoI and A1 wNI. 

In a preferred embodiment, the animal model is selected to 
express the Spy1A gene and develop cancer when adminis 
tered with a tetracycline. Most preferably, the tetracycline is 
doxycycline. Preferably, the cancer is breast or liver cancer. 
The animal model of the present invention is not strictly 

limited to those belonging to any specific genus or species, 
provided that the animal model preferably permits introduc 
tion of exogenous genetic sequences to be incorporated into 
the genome. The animal model is preferably a mouse, a rat, a 
monkey, a sheep, a dog, a rabbit, or a horse. Most preferably, 
the animal model is a mouse or a rat. 

In yet another aspect, the present invention provides a 
method of producing the transgenic non-human animal, the 
method comprising microinjecting the fragment sequence 
into a fertilized embryo and transplanting said fertilized 
embryo into a surrogate animal. 

In yet another aspect, the present invention provides a 
tumor cell line comprising a plurality of cells, wherein the 
cells are derived from the animal model or comprise the 
fragment sequence. 

In yet another aspect, the present invention provides a 
method for Screening an agent for treating or preventing can 
cer, the method comprising administering the agent into the 
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4 
animal model or the tumor cell line and detecting size reduc 
tion of a tumor caused by the cancer. Preferably, the cancer is 
breast or liver cancer. 

In yet another aspect, the present invention provides a 
transgenic non-human animal model comprising germ cells 
and Somatic cells having an endogenous MTB-Spy1A gene 
sequence, wherein the animal model is a progeny generated 
by crossing a MMTV-rtTA non-human animal model and the 
animal model having the Spy1A-pTRE-Tight gene sequence 
derived from the fragment sequence obtained from restriction 
enzyme digestion of SEQ ID NO: 18 or a conservatively 
modified variant thereof with XhoI and A1 wNI, the progeny 
being selected to express the Spy1A gene when administered 
with a tetracycline. 

In yet another aspect, the present invention provides a 
transgenic non-human animal model, the animal model being 
a progeny obtained from breeding first and secondancestors, 
wherein the firstancestor comprises respective germ cells and 
Somatic cells having an ancestor gene sequence introduced 
into the genome of the firstancestoratan embryonic stage, the 
ancestor gene sequence comprising a promoter sequence and 
a tetracycline transactivator (tTA) or reverse tetracycline 
transactivator (rtTA) gene sequence, and the secondancestor 
comprises respective germ cells and somatic cells having a 
Spy1A-pTRE-Tight gene sequence introduced into the 
genome of the second ancestor at an embryonic stage, the 
Spy1A-pTRE-Tight gene sequence comprising a human 
Spy1A gene. 

In yet another aspect, the present invention provides a 
transgenic non-human animal model comprising'germ cells 
and Somatic cells having a plurality of gene sequences intro 
duced into the genome of said animal model or an ancestor of 
said animal model at an embryonic stage, wherein a first one 
of said gene sequences comprises a promoter sequence and a 
tetracycline transactivator (tTA) or reverse tetracycline trans 
activator (rtTA) gene sequence, and a second one of said gene 
sequences comprises a Spy1A-pTRE-Tight gene sequence, 
the Spy1A-pTRE-Tight gene sequence comprising a human 
Spy1A gene. 

In a preferred embodiment, the firstancestor is female, and 
the secondancestor is male. In one embodiment, the animal 
model comprises germ cells and Somatic cells having the 
ancestor gene sequence and the Spy1A-pTRE-Tight gene 
sequence. In a further preferred embodiment, the animal 
model is selected to express the Spy1A gene and develop 
cancer, or more preferably breast cancer, when administered 
with a tetracycline, or more preferably a doxycycline. 

It is to be appreciated that the promoter sequence is not 
restricted to any particular promoter sequence. In one 
embodiment, the promoter sequence is selected to induce 
transcription of the tTA or rtTA gene sequence in a target 
organ. Non-limiting examples of the target organ include the 
brain, heart, skin, liver, stomach, intestine, breast, and repro 
ductive organs. In one embodiment, the promoter sequence 
comprises a mouse mammary tumor virus (MMTV) gene, 
and the target organ is the breast. In one embodiment, the 
ancestor gene sequence or the first gene sequence comprises 
the rtTA gene sequence. 

In one embodiment, the animal model or the secondances 
tor is hemizygous of the Spy1A-pTRE-Tight gene sequence, 
and the human Spy1A gene comprises a modified human 
Spy1A gene of SEQ ID NO 1 or a conservatively modified 
variant thereof. In one embodiment, the Spy1A-pTRE-Tight 
gene sequence is introduced into the genome by microinject 
ing a fragment sequence obtained from restriction enzyme 
digestion of SEQ ID NO 18 or a conservatively modified 
variant thereof with XhoI and AlwNI. 
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Preferably, the conservatively modified variants have at 
least 70%, 75%, 80%, 85%, 90%. 95% or 99% sequence 
identity to the specific referenced nucleotide or amino acid 
sequence. The conservatively modified variants may include 
point mutations, as well as deletions, Substitutions, insertions, 
transitions, amplifications, inversions, transversions or others 
of one or more nucleotide bases or amino acid residues. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Reference may now be had to the following detailed 
description, taken together with the accompanying drawings 
in which: 

FIG. 1 shows a fusion gene fragment construct for produc 
ing a transgenic mouse according to an embodiment of the 
present invention. 

FIG. 2 shows identification of positive founders confirmed 
through PCR analysis. Positive founders are indicated by the 
presence of an 825 bp fragment. 

FIG.3 shows GAPDH (100 bp) control for the identifica 
tion of positive founders as shown in FIG. 2. 

FIG. 4 shows identification of SDM-derived mutant Flag 
Spy1A-plXSN constructs upon detecting of a 977 bp frag 
ment following EcoRI digestion of isolated plasmid DNA 
from each colony: colony 1.1 (lane 1); colony 1.2 (lane 2); 
colony 1.3 (lane 3); colony 2.1 (lane 4); colony 2.2 (lane 5); 
and colony 2.3 (lane 6). The pDXSN vector backbone was 
estimated at 7.0 kb, and the Spy1A insert was estimated at 1.0 
kb (997 bp). 

FIG.5 shows EcoRI digestion of the MMTV-SV40-Spy1A 
transgenic vector releasing the flag-Spy1A coding sequence 
from the remaining vector backbone. EcoRI digestion of the 
resultant transgene DNC produced a 977 bp fragment as 
expected and confirmed successful cloning. The pMMTV 
SV40 backbone was estimated at 6.0 kb and the flag-tagged 
Spy1A insert was estimated at 1.0 kb (997 bp). 

FIG. 6 shows digestion of MMTV-SV40-Spy1A prior to 
microinjection. 

FIG. 7 shows detection of a single copy of MMTV-SV40 
Spy 1A DNA utilizing PCR genotyping methods. Transgene 
DNA was successfully detected using 8% PAGE in order to 
verify the success of using the M023/M023 primer set for 
detection of the Spy1A transgene in tail clip samples. PCR 
amplification of MMTV-SV40-Spy1A vector DNA (lane 2) 
using M022/M023 primers produced an 825 bp amplicon, 
identical to the positive MMTV vector control (+MMTV, lane 
1) as expected. 

FIG. 8 shows successful transmission of transgene from 
founder to offspring using primer pair M022 (SEQ ID NO: 
2)/M023 (SEQID NO: 4) resulting in a 825 bp fragment. 

FIG. 9 shows confirmation of germline transmission of 
transgene using primer pair A933 (SEQ ID NO: 3)/M023 
(SEQ ID NO: 4) resulting in a 197 bp fragment. 

FIG. 10 shows a Spy 1-pTRE vector map according to an 
embodiment of the present invention. 

FIG. 11 shows a restriction digest of Xhol and AlwNI for 
isolating a portion of the vector illustrated FIG. 10 for a 
Subsequent microinjection step according to an embodiment 
of the present invention. 
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6 
FIG. 12 shows identification of Spy 1-pTRE founder mice 

via PCR analysis in the presence of a 536 bp band. The 
number labels correspond to mouse tag numbers belonging to 
each tail sample screened, and the label “vector” corresponds 
to the Spyl-pTRE transgenic vector used as a positive con 
trol. 

FIG. 13 shows confirmation of successful germline trans 
mission of Spyl-pTRE transgene according to an embodi 
ment of the present invention. The number labels correspond 
to mouse tag numbers belonging to each tail sample screened, 
and the label “vector corresponds to the Spyl-pTRE trans 
genic vector used as a positive control. 

FIG. 14 shows a Flag-Spy1A-pTRE Tight vector map 
according to an embodiment of the present invention. Prim 
ers, Spy 1 and pTRE promoter are outlined. 

FIG. 15 shows a linearized map of a Flag-Spy1A-pTRE 
Tight vector indicating the locations of promoter, Spyl and 
primers. 

FIG.16 shows a 4.25% polyacrylamide gel image of Spy 1 
pTRE DNA samples 1, 2 and 3 amplified with PCR using the 
primer combination A548/A549 with 0.5 second exposure 
time. The lane “L” corresponds to a ladder; the lanes 1P, 2P 
and 3P correspond to samples 1, 2 and 3, respectively; the lane 
“CP corresponds to pTRE vector control (447 bp); and the 
lanes “G” correspond to GAPDH (about 100 bp). 

FIG.17 shows a 4.25% polyacrylamide gel image of Spy 1 
pTRE DNA samples 1, 2 and 3 amplified with PCR using the 
primer combination A548/A549 with 1 second exposure 
time. The lane “L” corresponds to a ladder; the lanes 1P2P 
and 3P correspond to samples 1, 2 and 3, respectively; the lane 
“CP corresponds to pTRE vector control (447 bp); and the 
lanes “G” correspond to GAPDH (about 100 bp). The band of 
correct size is outlined under the lane “3P. 

FIG. 18 shows a 4.25% polyacrylamide gel image of Spy 1 
pTRE DNA samples 1, 2 and 3 amplified with PCR using the 
primer combination A548/A549 with 2 second exposure 
time. The lane “L” corresponds to a ladder; the lanes 1P, 2P 
and 3P correspond to samples 1, 2 and 3, respectively; the lane 
“CP corresponds to pTRE vector control (447 bp); and the 
lanes “G” correspond to GAPDH (about 100 bp). The band of 
correct size is outlined under the lane “3P. 

FIG. 19 shows a 4.25% polyacrylamide gel image of Spy 1 
pTRE DNA samples 1, 2 and 3 amplified with PCR using the 
primer combination A548/A549 with 3 second exposure 
time. The lane “L” corresponds to a ladder; the lanes 1P, 2P 
and 3P correspond to samples 1, 2 and 3, respectively; the lane 
“CP corresponds to pTRE vector control (447 bp); and the 
lanes “G” correspond to GAPDH (about 100 bp). The band of 
correct size is outlined under the lane “3P. 

FIG.20 shows a 4.25% polyacrylamide gel image of Spy 1 
pTRE DNA samples 1, 2 and 3 amplified with PCR using the 
primer combination A548/A549 with 0.5 second exposure 
time. The lane “L” corresponds to a ladder; the lanes 1P, 2P 
and 3P correspond to samples 1, 2 and 3, respectively; the lane 
“CP corresponds to a maxi-prepped pTRE vector control 
with a higher concentration; and the lanes “G” correspond to 
GAPDH. The band of correct size is outlined under the lane 
*3P'. 

FIG.21 shows a 4.25% polyacrylamide gel image of Spy 1 
pTRE DNA samples 1, 2 and 3 amplified with PCR using the 
primer combination A548/A549 with 1 second exposure 
time. The lane “L” corresponds to a ladder; the lanes 1P, 2P 
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and 3P correspond to samples 1, 2 and 3, respectively; the lane 
“CP corresponds to a maxi-prepped pTRE vector control 
with a higher concentration; and the lanes “G” correspond to 
GAPDH. The band of correct size is outlined under the lanes 
“1P and 3P. 

FIG.22 shows a 4.25% polyacrylamide gel image of Spy 1 
pTRE DNA samples 1, 2 and 3 amplified with PCR using the 
primer combination A548/A549 with 2 second exposure 
time. The lane “L” corresponds to a ladder; the lanes 1P, 2P 
and 3P correspond to samples 1, 2 and 3, respectively; the lane 
“CP corresponds to a maxi-prepped pTRE vector control 
with a higher concentration; and the lanes “G” correspond to 
GAPDH. The band of correct size is outlined under the lanes 
“1P and 3P. 

FIG. 23 shows a bar graph illustrating the results from a 
qRT PCR analysis test for Spy1 overexpression in the mam 
mary glands of a MMTV-Spy1 mouse in accordance with a 
preferred embodiment of the invention, and which shows log 
10 expression of Spy1 as the Y axis compared to GAPDH. 
FIG.24 shows a DMBA treatment plan for a MMTV-Spy1 

mouse and its pair matched littermates, and which indicates 
age at beginning and end treatment. 

FIG. 25 shows a bar graph depicting the percentage of 
MMTV-Spy1 and control mice (Y axis) that developed all 
tumour types, mammary tumours, and ovarian tumours. 

FIG. 26 shows a line graph depicting the percentage of 
tumour free mice (Y axis) at the indicated ages in weeks (X 
axis). 

FIG. 27 shows a bar graph depicting the percentage of 
MMTV-Spy1 and pair matched littermates (F1 cntl) develop 
ing hepatocellular carcinoma 1 year of age and older. 

FIG. 28 shows a bar graph illustrating the results from a 
qRT PCR conducted on liver tissue collected from MMTV 
Spy 1 mice and their pair matched littermates, and which 
illustrates Spy 1 expression on a log 10 scale as compared to 
GAPDH. 

FIG. 29 shows a bar graph illustrating the results from a 
qRT PCR confirming Spy1 overexpression upon delivery of 
doxycycline to a MTB-Spyl mouse generated by crossing a 
Spy 1-pTRE mouse with a MMTV-rtTA mouse. 
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FIG. 30 shows a breeding scheme for a male Spy 1-pTRE 

mouse in accordance with a preferred embodiment of the 
present invention and a female MMTV-rtTA mouse, and 
which illustrates possibly genotypes of the resulting prog 
C1GS. 

FIG. 31 shows a bar graph illustrating the results from a 
qRT PCR confirming elevated Spy 1 expression upon delivery 
of doxycycline to a MTB-Spy 1 progeny mouse generated by 
crossing a male Spyl-pTRE parent mouse with a female 
MMTV-rtTA parent mouse. 

FIG. 32 shows a bar graph illustrating the results from a 
qRT PCR confirming elevated Spy 1 expression upon delivery 
of doxycycline to a MTB-Spy 1 progeny mouse generated by 
crossing a male Spyl-pTRE parent mouse with a female 
MMTV-rtTA parent mouse, when compared to the Spy1 
expression of the parent mice. 

FIG. 33 shows a bar graph illustrating the results from a 
qRT PCR confirming elevated Spy 1 expression in the mam 
mary glands of a female MTB-Spyl progeny mouse upon 
delivery of doxycycline thereto, and which is generated by 
crossing a male Spyl-pTRE parent mouse with a female 
MMTV-rtTA parent mouse. 

DETAILED DESCRIPTION OF THE INVENTION 

The gene fragment construct MMTV-SV40-Spy1A (SEQ 
ID NO: 5) for the development of a transgenic mouse accord 
ing to a preferred embodiment of the present invention is 
shown in FIG.1. The construct was micro injected at roughly 
4.7 kb into 357 fertilized embryos from superovulated female 
mice and transplanted into pseudo pregnant CD-1 female 
mice. This resulted in 43 pups being born of which 13 tested 
positively for the MMTV-SV40-Spy1A as confirmed in the 
PCR analysis shown in FIGS. 2 and 3. 
To prepare the MMTV-SV40-Spy1A construct, Flag 

Spy1A-pDXSN containing the complete coding sequence of 
the human Spy1A gene conjugated to a flag tag was provided. 
Site-directed mutagenesis (SDM) was utilized to create a 
second EcoRI site positioned near the terminal region of the 
human Spy1A coding sequence (SEQ ID NO: 1) in Flag 
Spy1A-plXSN for efficient removal of the intrinsic poly-A 
tail. 

GAATTCGCGGCCGCGTCGACCTGCGACGGAGCCTTGACCGCCGTTGCCCGGCCCTCTCCC 

GCGCAGCCCCGGGCTTCCGCAGGAATATTGGGAAACCAAAATGAGGCACAATCAGATGTG 

TTGTGAGACACCACCTACTGTCACTGTTTATGTAAAATCAGGGTCAAATAGATCACATCA 

GCCTAAAAAGCCCATTACTCTGAAGCGTCCTATTTGTAAAGATAATTGGCAAGCATTTGA 

AAAAAATACACATAATAACAACAAATCTAAACGCCCCAAAGGACCTTGTCTGGTTATACA 

GCGTCAGGATATGACTGCTTTCTTTAAATTATTTGATGACGATTTAATTCAAGATTTCTT 

GTGGATGGACTGCTGCTGTAAAATTGCAGACAAGTATCTTTTGGCTATGACCTTTGTTTA 

TTTCAAGAGGGCTAAATT 

GTATCTGGCTAATACAGT 

ACTATAAGTGAGCATACCAGGATAAATTTCTTTATTGCTCT 

GAAGAAGATGAAGAAGAAACCAAGTACGAAATTTTTCCATG 

GGCTTTAGGGAAAAACTGGAGAAAATTGTTCCCTAATTTCTTAAAGTTAAGGGACCAGCT 

CTGGGATAGAATTGACTATAGGGCTATTGTAAGCAGGCGATGTTGTGAGGAGGTTATGGC 

CATTGCACCAACCCATTATATCTGGCAAAGAGAACGTTCTGTTCATCACAGTGGAGCTGT 

CAGAAACTACAACAGAGATGAAGTTCAGCTGCCCCGGGGACCTAGTGCCACACCAGTAGA 

TTGTTCACTCTGTGGTAAAAAAAGAAGATATGTTAGACTGGGATTGTCTTCATCATCATC 
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-continued 

10 

TTTATCCAGTCATACAGCAGGGGTGACAGAAAAACATTCTCAGGACTCATACAACTCACT 

GTCAATGGACATAATAGGTGATCCTTCTCAAGCTTATACTGGTTCTGAAGGTATGATATA 

GTAATA 

C 

TGCCAGAATTAGATTTATGCATGTTGTTTACTGAGCTCTAGTCAGTCCTTTCTGGCGGGG 

ATACATAATAATTTATATACTCCAACAATATGAGTTAAATTAATCTTGAAACTT CTCCC 

CTTTCAGTTACTTTTTGTCTTGTGTCCATATTTGTTTTGTGGTGACCCACCTAAACAGAT 

TTTTAATGTGACCTATGTTAAGTTGAAAACTAATGCACCATAAGCCTCAGTATT TAAGA 

GCCTGAATCATTTTTTTGAAATGTTTATTTTATTCAAAAGGGTTTCAAGAAGAAAATAAA 

TTTACTTGTAATCTCAAAAAAAAAAAAAAAAAAAAAA 

SDM primers A424 and A425 (SEQID NOs: 6 and 7) were 
designed to flank the vector region targeted for mutation. 
SDM reactions were performed with the following compo 
nents: Flag-Spy1A-pLXSN vector DNA (10-100 ng): 0.3 
mM dNTP mix (Cat. No DD0057, Biobasic Inc., Ontario, 
Canada); 1xpfx buffer and 1 ul pfx polymerase (Cat. No. 
11708-013, Invitrogen, Canada); 1 mMMgSO; 1 uMeach of 
A424 forward and A425 reverse primers (SEQID NOs: 6 and 
7); filter-sterilize nuclease free water up to 50.0 LL Cycling 
conditions for SDM include (1) 2 minutes at 94° C., (2) 25 
cycles of 94°C. for 15 seconds, 55° C. for 30 seconds and 68° 
C. for 5 seconds, and (3) 68°C. for 10 minutes. SDM reaction 
products were DpnI digested for 2 hours at 37°C. (Cat. No. 
ER1701, Fermentas, Burlington, Ontario, Canada), and sub 
sequently transformed utilizing TOP10 E. coli and plated 
onto 100 mg/ml Ampicillin plates. Select colonies were 
screened for EcoRI insertion and were identified upon detec 
tion of a 977 bp fragment following EcoRI digestion (for 20 
minutes at 37° C. (Cat. No. FD0274, Fermentas)) of isolated 
plasmid DNA from each colony (using QIAprep Spin Mini 
prep Kit (Cat. No 27104, Qiagen, Mississauga, Ontario, 
Canada) as shown in FIG. 4. Successful EcoRI insertion was 
confirmed through sequencing for two colonies in particular, 
IS.1 and IIs.3, utilizing A210 and A211 sequencing primers 
(SEQ ID NOs: 8 and 9). Purified vector DNA from Colony 
IIs.3 was subjected to EcoRI digestion (Cat. No. ER0271, 
Fermentas), and produced two fragments at 7.0 kb (vector 
backbone) and 1.0 kb (Spy1A gene insert). Digestion prod 
ucts were separated, and the appropriate 1.0 kb fragment was 
gel extracted using the EZ-10 Spin Column DNA Gel Extrac 
tion Kit (Cat. No. BS354, Biobasic Inc.) and purified. 

EcoRI digestion of 2 mg of MMTV-SV40-TRPS-1 vector 
DNA ensued for 1 hour at 37, followed by the immediate 
removal of terminal phosphate groups from digested ends 
utilizing incubation with calf intestinal alkaline phosphatase 
(Cat. No EF0341, Fermentas) for 30 minutes at 37°. Phos 
phatase treatment was necessary in order to prevent the re 
ligation of linearized vector DNA termini. Consequently, 
reaction products were separated, followed by gel purifica 
tion of the resultant 6.0 kb fragment (MMTV-SV40 back 
bone) using the EZ-10 Spin Column DNA Gel Extraction Kit. 
Ligation of the Spy1A gene insert into the MMTV-SV40 
backbone was conducted using T4 DNA ligase (Cat. No 
EL0017, Fermentas), and ligation reactions were subse 
quently transformed utilizing TOP10 E. coli and plated onto 
100 mg/ml Ampicillin plates. Select colonies were screened 
for EcoRI insertion and were identified upon detection of a 
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977 bp fragment following EcoRI digestion of isolated plas 
mid DNA from each colony as shown in FIG. 5. Successful 
cloning of the Spy1A coding sequence into the MMTV-SV40 
vector backbone was confirmed through sequencing. 
Sequencing primers A252, A253, A254, A255, A256, A257, 
A258 and A259 (SEQID NOs: 10 to 16) were utilized in order 
to verify the intactness of all transgenic vector components. 
The resultant transgenic vector was designated as MMTV 

SV40-Spy1A and contains an untranslated portion of the 
Ha-ras gene, in addition to an SV40 polyadenylation site 
Bacterial sequences such as those found in Vector backbones 
have been noted to inhibit successful incorporation of trans 
genic DNA into the mouse blastocyst genome. Thus, XhoI/ 
Spel double digestion (Cat Nos. ER0691 and ER1251, Fer 
mentas) of purified vector DNA (30 mg per tube) ensued, and 
resulted in the production of two fragments: 4.7 kb (MMTV 
SV40-Spy1A transgene) and 2.9 kb (remaining backbone) as 
shown in FIG. 6. Two vials of XhoI/Spel digested transgenic 
DNA were made available for microinjection into mouse 
blastocysts for subsequent creation of the first MMTV-SV40 
Spy1A transgenic mouse model known to date. Transgene 
detection of a single copy of MMTV-SV40-Spy1A DNA was 
tested utilizing the PCR conditions outlined for M022 and 
M023 genotyping primers (SEQID NOs: 2 and 4) as shown 
in FIG. 7. 
The resulting transgene fragment was sent to the Univer 

sity of Western Ontario Transgenic Facility to undergo pro 
nuclearinjections. Tail samples from the resulting litters were 
received and DNA was extracted using the Qiagen Puregene 
Core Kit A for mouse tails. Transgene detection was accom 
plished using two sets of primers with two unique forward 
primers (M022 (SEQID NO 2) and A933 (SEQID NO3)) 
andone reverse primer (M023 (SEQID NO:4)). PCR cycling 
conditions consisted of (1) denaturation at 94° C. for 3 min, 
(2) denaturation at 94°C. for 1 min, annealing at 55° C. for 2 
min, elongation at 72°C. for 1 min and (3) a final elongation 
step at 72°C. for 3 min. Each 25 uL PCR reaction was made 
using UBI HP Taq DNA polymerase (HPTAQ-01) and con 
tained a final concentration of 2ngfulL of pure genomic DNA, 
lx buffer, 2 mM MgSO4, 0.2 mM dNTP, 0.5 mM forward 
primer, 0.5 mM reverse primer and 0.025 U/uIL Taq poly 
merase. Additionally, a final volume of 1% and 4% DMSO 
was added for primer pairs M022 (SEQ ID NO: 2)/M023 
(SEQ ID NO: 4) and A933 (SEQID NO 3)/M023 (SEQ ID 
NO 4) respectively. PCR amplification resulted in an 825 bp 
and 197 bp amplicon for primers M022 (SEQ ID NO: 
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2)/M023 (SEQID NO: 4) and A933 (SEQID NO:3)/M023 
(SEQ ID NO: 4) respectively as shown in FIGS. 8 and 9, 
respectively. 

Expression levels of Spy1A was tested in the inguinal 
mammary glands of 6 week old MMTV-Spy1A mice and 
their negative littermates via qRT PCR analysis to ensure 
Spy1A was being overexpressed in the mammary gland of 
this mouse model system. Spy1A was found to be signifi 
cantly overexpressed in the mammary glands of MMTV 
Spy1A mice as compared to their control littermates (FIG. 
23). To test for increased susceptibility to mammary turnouri 
genesis, MMTV-Spy1A mice and their negative littermates 
were treated with 1 mg of 7,12-dimethylbenzanthracene 
(DMBA) once a week for 6 consecutive weeks beginning at 8 
weeks of age via oral gavage. Treatment plan indicating age 
during treatment and at end of study is illustrated in FIG. 24. 
Mice were monitored on a weekly basis for the development 
of mammary tumours via palpitation. MMTV-Spy1A mice 
were found to develop significantly more mammary tumours 
than their control littermates (FIG.25). Additionally, MMTV 
Spy1A mice developed tumours earlier than their control 
littermates (FIG. 26). 
When collecting male MMTV-Spy1 mice over the age of 1 

year, it was noted there was an increased incidence of liver 
carcinogenesis in the MMTV-Spy1 mice as compared to their 
negative control littermates (FIG. 27). Liver tissue was col 
lected from MMTV-Spy 1 male mice 1 year of age and older 
along with pair matched littermate controls and the liver 
tissue was subjected to qRT PCR analysis to determine Spy1 
expression in the liver. Spy1 was found to be significantly 
overexpressed in MMTV-Spy1 male mice as compared to 
littermate controls (FIG. 28). 

In accordance with another preferred embodiment of the 
present invention, the fusion gene fragment construct Flag 
Spy1A-pTRE-Tight (SEQID NO: 18) as illustrated in FIGS. 
10, 14 and 15 were prepared. In particular, a Caspase3-pTRE 
Tight vector was digested with EcoRI and PvulI to remove 
Caspase3. A 20 bp linker was then added to close the vector. 
Site directed mutagenesis was performed on a Flag-Spy1A 
pIXSN vector to create an EcoRI restriction enzyme site to 
enable extraction of Flag-Spy1A from the vector. EcoRI 
digestion was subsequently performed to remove Flag 
Spy1A from the Flag-Spy1A-pDXSN vector. The Flag 
Spy1A fragment was then ligated into the pTRE-Tight vector. 

Successful preparation of DNA fusion gene fragment con 
struct samples were confirmed by PCR amplification with the 
primer combination A548/A549 (SEQ ID NOs: 19 and 20) 
and polyacrylamide gel (as shown in FIGS. 16 to 22) as well 
as DNA, sequencing. The bands of correct size are outlined 
under the lanes "1P and/or “3P in FIGS. 17 to 22. All tested 
PCR samples were confirmed by DNA sequencing. 
The Spy 1-pTRE plasmid were restriction digested using 

Xhol and AlwNI to isolate a portion for subsequent microin 
jection into a fertilized embryo from a superovulated female 
mouse. The digested portion was confirmed by gel electro 
phoresis as shown in FIG. 11. The digested portion was 
microinjected into fertilized embryos from superovulated 
female mice and transplanted into pseudo pregnant CD-1 
female mice. Some resulting pups tested positive as con 
firmed and shown in FIG. 12. Successful germline transmis 
sion of the Spy 1-pTRE transgene was confirmed as shown in 
FIG. 13. 
The mice having the Spyl-pTRE gene sequence was fed 

doxycycline to activate expression of Spy1A. Development 
of cancer including breast cancer was experimentally con 
firmed. 
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12 
In a separate study, selected Spy1A-pTRE mice found to 

lack inducible overexpression of Spy1A were nevertheless 
found to be Suitable for preparing overexpressing progenies. 
In a controlled study, selected Spy1-pTRE mice found to be 
without inducible overexpression of Spy1A were preferably 
crossed with MMTV-rtTA mice to generated a MTB-Spy1 
mouse model. It has been appreciated that such animal model 
may permit inducible overexpression of Spy1A preferably 
after administration of doxycycline to their diet in the form of 
food pellets. Indeed, expression of Spy1 was induced by 
administering 2 mg/ml, of doxycycline at 5 weeks of age. 
Mammary glands were collected at 6 weeks of age from 
MTB-Spy1, Spy 1-pTRE and MMTV-rtTA mice for qRT 
analysis to test for increased expression of Spy1 in the MTB 
Spy 1 mouse as compared to the selected control Spy 1-pTRE 
and MMTV-rtTA mice. Spy1 was found to be overexpressed 
in the MTB-Spy 1 mouse, indicating this model system is 
functioning correctly (FIG. 29). 

In an additional study, a male Spyl-pTRE mouse in accor 
dance with a preferred embodiment of the present invention 
was crossed with a female MMTV-rtTA mouse received from 
a collaborator, and which is described in Edward J. Funtheret 
al. A novel doxycycline-inducible system for the transgenic 
analysis of mammary gland biology’. The FASEB Journal. 
16.3 (2002): 283-292, the entire contents of which are hereby 
incorporated by reference. The female MMTV-rtTA mouse 
included the mouse mammary tumor virus gene (MMTV) 
and a reverse tetracycline transactivator (rtTA), such that the 
MMTV promotor portion drives the expression of rtTA (Tet 
On). As illustrated in FIG. 29, four different genotypes were 
expected from the crossing, or namely a wild type progeny 
mouse, a Spy 1-pTRE progeny mouse, an MMTV-rtTA prog 
eny mouse and the intended MTB-Spy 1 progeny mouse, the 
latter of which includes the transgenic elements from both 
parent mice. It has been appreciated that the intended MTB 
Spyl progeny mouse may permit for an inducible Tet-On 
system for expression of the Spy1 gene in the presence of a 
tetracycline, or preferably doxycycline, and as activated by 
thertTA protein. As seen in FIGS.31 to 33, qRT-PCR analysis 
confirmed that upon exposure to doxycycline, a MTB-Spy1 
progeny female mouse showed elevated Spy1 expression in 
the mammary glands when compared to a control mouse, and 
the parent MMTV-rtTA and Spy1A-pTRE mice. 
The applicant has appreciated that the present invention 

provides various advantages and applications, and which 
include without restriction a transgenic non-human animal 
model whose Somatic cells contain at least one copy of a 
MMTV-Spy1A transgene causing the animal model to 
develop cancer. 

In yet another aspect, the present invention provides a 
transgenic non-human animal model all of whose germ cells 
and somatic cells contain an exogenous MMTV-SV40 
Spy1A gene sequence introduced into said mammal, or an 
ancestor of said mammal, at an embryonic stage wherein said 
gene sequence comprises a mouse mammary tumor virus 
gene (MMTV), a functionally disrupted SV40 gene (SV40) 
and a modified human Spy1A gene of SEQID NO: 1. 

Other applications of the invention include without restric 
tion: 

Methods of Screening drugs/vaccines?or other vehicles 
developed for the prevention of the development of can 
cer, 

The study environmental factors and their effects on the 
development of cancer, 

The study cancer initiated at various stages of the animals 
development; 
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Methods of screening drugs candidates and their anti-car- 4. The mouse animal model is able to pass this condition 
cinogenic; expressed in claims 1 and 2 along to Subsequent genera 

Methods of screening drugs/vaccines?or other vehicles tions when cross with a mouse not having this condition. 
developed for the prevention of the development of can 
cer, 5 

The study environmental factors and their effects on the 
development of cancer, and 

The study of cancer namely breast cancer based on a novel 
expression of Spy1A initiated within a model animal by 

5. The transgenic non-human animal of claim 1, can be said 
animal selected from the group consisting of mice, rats, 
monkeys, sheep, and rabbits. 

6. Analysis of animal model DNA is able to confirm that 
transgenic condition exists in said animal model. 

feeding the animal doxycycline. 10 7. Transgenic animal model may be used to: 
Additional applications of the invention include, without a. Study cancer 

restriction: - 0 b. Study cancer initiated at various stages of the animals 1. Expression of Spy1A within one or more tissues of the - 0 development 

model animal is activated by the animal model ingesting doxycycline (Dox) c. Method of screening drugs candidates and there anti 
2. The expression of Spy1A results in the tissues of the 15 carC1nogen1c 

animal model results in the development of cancer d. Method of screening drugs/vaccines/or other vehicles 
namely breast cancer within that model animal. developed for the prevention of the development of 

3. A transgenic non-human animal model in this case being CaCC. 
a mouse incorporates the condition and promoter e. Study environmental factors and their effects on the 
response of claims 1 and 2. development of cancer 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 2O 

<21 Os SEQ ID NO 1 
&211s LENGTH: 1303 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 1 

gaatt.cgcgg cc.gcgt.cgac ctg.cgacgga gccttgaccg cc.gttgc.ccg gccCtctic cc 60 

gcgcagc.ccc gggct tcc.gc aggaatattg ggaalaccalaa atgaggcaca at Cagatgtg 12O 

ttgtgagaca ccaccitact.g. tcactgttta totaaaatca gggtcaaata gat cacat ca 18O 

gcc taaaaag cc cattactic tdaag.cgtcc tatttgtaaa gataattggc aag catttga 24 O 

aaaaaataca cataataa.ca acaaatctaa acgc.cccaaa ggaccttgtc. tdgttataca 3 OO 

gcqtcaggat atgactgctt totttaaatt atttgatgac gatttaattic aagatttctt 360 

gtggatggac totgctgta aaattgcaga caagtat citt ttggctatga cctttgttta 42O 

tttcaagagg gctaaattta ctataagtga gcataccagg at aaatttct ttattgct ct 48O 

gtatctggct aatacagttg aagaagatga agaagaalacc aagtacgaaa tttitt C catg 54 O 

ggctittaggg aaaaactgga gaaaattgtt Coctaattt C ttaaagttaa gggaccagct 6 OO 

Ctgggataga attgact at a gggct attgt aagcaggcga tigttgtgagg aggttatggc 660 

cattgcacca accoattata totggcaaag agaacgttct gttcat caca gtggagctgt 72O 

Cagaalactac aacagagatg aagttcagct gcc.ccgggga cc tagtgc.ca caccagtaga 78O 

ttgttcactic tdtgg taaaa aaagaagata tottagact g ggattgtctt catcatcatc 84 O 

tittatccagt catacagcag gggtgacaga aaaacattct caggact cat acaact cact 9 OO 

gtcaatggac at aataggtg atcct tctica agcttatact ggttctgaag g tatgatata 96.O 

gtaatatgcc agaattic gat titatgcatgt tdtt tactga gctic tagt ca gtcc tittctg 102O 

gcdgggatac at aataattt at atact coa acaatatgag ttaaattaat cittgaaactt 108O 

tot cocctitt cagttactitt ttgtc.ttgttgtc. catatttgttttgtggtg acccacctaa 114 O 

acagatttitt aatgtgacct atgttaagtt gaaaactaat go accataag cct cagtatt 12 OO 

ttalagagcct gaatcatttt tttgaaatgt ttattittatt caaaagggitt to aagaagaa 1260 

aataaattta cittgtaatct caaaaaaaaa aaaaaaaaaa aaa 13 O3 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Forward primer (A424) 

<4 OOs, SEQUENCE: 6 

gccagaattic gattitatgca togttgtttac tdagc 

<210s, SEQ ID NO 7 
&211s LENGTH: 35 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Reverse primer (A425) 

<4 OO > SEQUENCE: 7 

gcticagtaaa caa.catgcat aaatcgaatt ctdgc 

<210s, SEQ ID NO 8 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Forward primer (A210) 

<4 OOs, SEQUENCE: 8 

c ccttgaacc ticcitcgttcg acc 

<210s, SEQ ID NO 9 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
& 22 O FEATURE; 

<223> OTHER INFORMATION: Reverse primer (A211) 

<4 OOs, SEQUENCE: 9 

gaggctgggg actitt C caca CCC 

<210s, SEQ ID NO 10 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Forward primer F1 (A252) 

<4 OOs, SEQUENCE: 10 

gttittatctg togct tatgcc 

<210s, SEQ ID NO 11 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Reverse primer F1 (A253) 

<4 OOs, SEQUENCE: 11 

gct cqtatgt ttgttggaa 

<210s, SEQ ID NO 12 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Forward primer F2 (A254) 

<4 OOs, SEQUENCE: 12 

aac cat cacc ctaatcaagt 

35 

35 

23 

23 

19 

24 



25 

<210s, SEQ ID NO 13 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Reverse primer F2 

<4 OOs, SEQUENCE: 13 

gtc.gc.cgcat acactatt 

<210s, SEQ ID NO 14 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Forward primer F3 

<4 OOs, SEQUENCE: 14 

titat coagtic atacagoagg 

<210s, SEQ ID NO 15 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Reverse primer F3 

<4 OOs, SEQUENCE: 15 

acccCtgctg. tatgactgga 

<210s, SEQ ID NO 16 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Forward primer F4 

<4 OOs, SEQUENCE: 16 

gaccagaatg tccaccagg 

<210s, SEQ ID NO 17 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Reverse primer F4 

<4 OOs, SEQUENCE: 17 

gccaccitctg acttgagcgt 

<210s, SEQ ID NO 18 
&211s LENGTH: 3891 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Flag-Spy1a-pTRE-Tight fusion gene fragment 
Construct 

<4 OOs, SEQUENCE: 18 

citcgagttta ctic cctatica gtgatagaga acg tatgtcg 

tagagaacga tigt cagttt act coct atc agtgatagag 

ccitat cagtgatagagaacg tatgtcgagt ttact cocta 

tcgagttt at C cctat cagt gatagagaac gitatgtcgag 

US 9,265,238 B2 
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(A255) 

(A256) 

(A257) 

(A258) 

(A259) 

agitt tact.cc citat cagtga 

aacg tatgtc gagitt tactic 

t cagtgatag agaacgt atg 

titt actic cct at cagtgata 

18 

19 

6 O 

12 O 

18O 

24 O 

26 
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aaaaaaagga t ct caagaag atcCtttgat Cttittctacg gggtctgacg ct cagtggaa 27 OO 

cgaaaactica cqttaaggga ttittggtcat gagattatca aaaaggat.ct t caccitagat 276 O 

ccttittaaat taaaaatgaa gttittaaatc aatctaaagt atatatgagt aaacttggit c 282O 

tgacagttac caatgcttaa toagtgaggc accitat citca gcgatctgtc. tattt cqttic 288O 

atcCatagitt gcctgactico CC9tcgtgta gataact acg atacgggagg gct taccatc 294 O 

tggCCC cagt gctgcaatga taccgc.gaga cccacgctica ccggctic cag atttatcagc 3 OOO 

aataalaccag C cago.cggaa gggcc.gagcg Cagaagtggit cctgcaact t t at CCC ct c 3 O 6 O 

catccagt ct attaattgtt gcc.gggaagc tagagtaagt agttcgc.cag ttaatag titt 312 O 

gcgcaacgtt gttgcc attg ctacaggcat cqtggtgtca cqctcgt.cgt ttgg tatggc 318O 

tt catt cago to cqgttc.cc aacgatcaag gogagttaca tdatcc.ccca tdttgtgcaa. 324 O 

aaaag.cggitt agcticcitt.cg gtc.ct Cogat cqttgtcaga agtaagttgg cc.gcagtgtt 33 OO 

at cact catg gttatggcag cactgcataa ttct cittact gtcatgc cat cogtalagatg 3360 

Cttittctgtg actggtgagt act calaccala gtc attctga gaatagtgta toggcgacc 342O 

gagttgct ct tcc.cggcgt caatacggga taataccgcg C cacatagca gaactittaaa 3480 

agtgct catc attggaaaac gttct tcggg gcgaaaactic ticaaggat.ct taccgctgtt 354 O 

gagatccagt togatgtaac ccact cqtgc acccaactga t ctitcagcat ctitt tactitt 36OO 

Caccagcgtt totgggtgag caaaaac agg aaggcaaaat gcc.gcaaaaa agggaataag 366 O 

gg.cgacacgg aaatgttgaa tact catact citt cotttitt caat attatt gaagcattta 372 O 

t cagggittat tdt ct catga gcggatacat atttgaatgt atttagaaaa ataaacaaat 378 O 

aggggttc.cg cqcacatttic ccc.gaaaagt gccacctgac gtctaagaaa ccatt attat 384 O 

catgacatta acctataaaa at aggcgitat cacgaggc.cc titt cqtcttic a 3891 

<210s, SEQ ID NO 19 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Primer (A548 

<4 OOs, SEQUENCE: 19 

atcagtgata gagaacgatgtcgagt 26 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Primer (A549 

<4 OOs, SEQUENCE: 2O 

ttgttgcctgt tdt catcgtc at 22 

We claim: 
1. A transgenic non-human animal model, the animal 

model being a progeny obtained from breeding first and sec 
ondancestors, wherein the firstancestor comprises respective 
germ cells and Somatic cells having an ancestor gene 
sequence introduced into the genome of the firstancestoratan 
embryonic stage, the ancestor gene sequence comprising a 
promoter sequence and a tetracycline transactivator (tTA) or 
reverse tetracycline transactivator (rtTA) gene sequence, and 
the second ancestor comprises respective germ cells and 

60 
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Somatic cells having a Spy1A-pTRE-Tight gene sequence 
introduced into the genome of the second ancestor at an 
embryonic stage, the Spy1A-pTRE-Tight gene sequence 
comprising a human Spy1A gene. 

2. The transgenic non-human animal model of claim 1, 
wherein the first ancestor is female, the second ancestor is 
male, and the animal model comprises germ cells and Somatic 
cells having the ancestor gene sequence and the Spy1A 
pTRE-Tight gene sequence. 
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3. The transgenic non-human animal model of claim 1, 
wherein the second ancestor is hemizygous of the Spy1A 
pTRE-Tight gene sequence, and the human Spy1A gene com 
prises a modified human Spy1A gene of SEQID NO: 1 or a 
conservatively modified variant thereof. 

4. The transgenic non-human animal model of claim 1, 
wherein the Spy1A-pTRE-Tight gene sequence is introduced 
into the genome of the second ancestor by microinjecting a 
fragment sequence obtained from restriction enzyme diges 
tion of SEQID NO: 18 or a conservatively modified variant 
thereof with XhoI and A1 wNI. 

5. The transgenic non-human animal model of claim 1, 
wherein the promoter sequence is selected to induce tran 
Scription of the rTA or rtTA gene sequence in a target organ. 

6. The transgenic non-human animal model of claim 5. 
wherein the target organ is the brain, the heart, the skin, the 
liver, the stomach, the intestine, the breast, or a reproductive 
Organ. 

7. The transgenic non-human animal model of claim 6. 
wherein the promoter sequence comprises amouse mammary 
tumor virus (MMTV) gene, and the target organ is the breast. 

8. The transgenic non-human animal model of claim 7. 
wherein the ancestor gene sequence comprises the rtTA gene 
Sequence. 

9. The transgenic non-human animal model of claim 1, 
wherein the animal model is selected to express the Spy1A 
gene and develop cancer when administered with a tetracy 
cline. 

10. The transgenic non-human animal model of claim 9. 
wherein the tetracycline is doxycycline. 

11. A transgenic non-human animal model comprising 
germ cells and somatic cells having a plurality of gene 
sequences introduced into the genome of said animal model 
or an ancestor of said animal model at an embryonic stage, 
wherein a first one of said gene sequences comprises a pro 
moter sequence and a tetracycline transactivator (tTA) or 
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reverse tetracycline transactivator (rtTA) gene sequence, and 
a second one of said gene sequences comprises a Spy1A 
pTRE-Tight gene sequence, the Spy1A-pTRE-Tight gene 
sequence comprising a human Spy1A gene. 

12. The transgenic non-human animal model of claim 11, 
wherein the animal model is hemizygous of the Spy1A 
pTRE-Tight gene sequence, and the human Spy1A gene com 
prises a modified human Spy1A gene of SEQID NO 1 or a 
conservatively modified variant thereof. 

13. The transgenic non-human animal model of claim 11, 
wherein the Spy1A-pTRE-Tight gene sequence is introduced 
into the genome of the animal model or the ancestor by 
microinjecting a fragment sequence obtained from restriction 
enzyme digestion of SEQ ID NO: 18 or a conservatively 
modified variant thereof with XhoI and A1 wNI. 

14. The transgenic non-human animal model of claim 11, 
wherein the promoter sequence is selected to induce tran 
Scription of the rTA or rtTA gene sequence ina; target organ. 

15. The transgenic non-human animal model of claim 14, 
wherein the target organ is the brain, the heart, the skin, the 
liver, the stomach, the intestine, the breast, or a reproductive 
Organ. 

16. The transgenic non-human animal model of claim 15, 
wherein the promotersequence comprises amouse mammary 
tumor virus (MMTV) gene, and the target organ is the breast. 

17. The transgenic non-human animal model of claim 16, 
wherein the first gene sequence comprises the rtTA gene 
Sequence. 

18. The transgenic non-human animal model of claim 11, 
wherein the animal model is selected to express the Spy1A 
gene and develop cancer when administered with a tetracy 
cline. 

19. The transgenic non-human animal model of claim 18, 
wherein the tetracycline is doxycycline. 
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